Until recentJy, the Lower Cretaceous Recôncavo-Tucano-Jatobã Rift was interpreted as being a system of basins connected since the beginning of rifting and filled by a fluvio-deltaic-Iacustrine system which prograded from north to south. ln this work, based on field observations, gravity data, new models for the evolution of continental rifts, and comparison with the East African rifts, the basins are interpreted as a series of half-grabens with disconnected depocenters, and which evolved separately. The isolation was effected by transfer faults -the Itapicuru and Vaza-Barris faults -which cut the rift in a NW-SE direction and are, principally the Vaza-Barris fault, controlled by basement anisotropy. According to this model, the majority of drilled wells were located on stable platforms, without suitable conditions to generate hydrocarbons, and thus the Tucano and Jatobá basins are not adequately explored.
INTRODUCTION
The Tucano and Jatobá basins are located in the northcrn portion of the Recôncavo Rift System, comprising an area of about 35,000 km 2 (Fig. 1) . The Tucano Basin is divided in three subbasins, known as South, Central, and North Tucano, which are set apart from one another by features transversal to the rift trend.
The knowledge is quite heterogeneous from one basin to the other and decreases to the north, The majority of wells . drilled in lhe Tucano Basin were Iocated in South Tucano and discovered the Conceição, Quererá, and Iraí gas fields. Seismic-reflection data are limited to lhe southern portion of Central Tucano; to lhe north, there are only gravimetric, aeromagnetic, and seismic-refraction surveys, plus the information from 19 wells.
STRATlGRAPHV
The basins include sediments deposited from the Paleozoic to the Cenozoic (Fig. 2) . The Paleozoic sediments are preserved in North Tucano and Jatobá basins,outcropping along the eastern boundary of the rift. The strata include Siluro-Devonian alluvial sandstones of the Tacaratu Formation and Carboniferous and Permian sandstones and shales of lhe Curitiba Formation and Santa Brígida Formation, which are preserved in the Santa Brígida Graben, and requiring further studies to explain their sedimentological genesis.
Pre-rift red beds include the Brotas Group and the Itaparica Formation, which extended over present rift limits. The pre-rift phase fmished with Iacustrine black shales -the Tauá Member of Candeias Formation.
The rifting began during the Neocornian, and is characterized by a thick conglomeratic wedge of Salvador Formation, deposited close to lhe border major faults. During the starving basin phase lhe deep-lake shales of the Candeias Formation were deposited with some turbidites in the depocenters. Later on, the subsidence rate decreased and the rift was filled by a prograding delta system (Ilhas Group), followed by fluvial sediments of the Massacará Group. An unconformity separates the rift sediments from alluvial sandstones of lhe Marizal Formation deposited during lhe 
REGIONAL GEOLOGY
The Recôncavo -TucanoJatobá rift is situated over terrains of Arquean to Paleozoic age, which have quite different mechanical behaviour. Basement fabric control was fundamental on the evolution of the tectonic -framework of the basins. The planar anisotropy is related to schistosity, lithological contacts, faults, and shear zones (Davison & Arthaud 1987) reactivated during the rifting in the Lower Cretaceous. This basement control is also observed in the East African rifts (Le Fournier 1985) . _ Many ancient basement structures controlled the rift skeleton ( Fig. 3) : a. lhe Recôncavo half-graben is guided by the NE arm of the Atlantic granulitic belt, parallel to which the Gondwana break occurred; b, the rift is oriented N-S, parallel to greenstone belts and lineaments in São Francisco Craton (Milani 1985);  c. the sharp northern termination of Jatobá Basin against a shear zone related with the Pernambuco Lineament, a Precambrian ductile shear zone; d, the ltaporanga Transpressional Megazone cuts across the rift in a NW-SE direction and determines a change in basin asymmetry along the Vaza-Barris River, where several normal faults trending NE are present (Fig. 4) . ln detail, the fault zone is quite silicified and the movement is distributed along small faults. ln general, two sets of faults are present: one trending NE and the other oriented to NW.
The Upper Proterozoic metasediments of the Sergipano Folded System did not have, at a first look, any influence on lhe direction of opening of the rift. These rocks probably represent a thin basement cover, and the deeper structures of the craton would be responsible in controlling the rifting.
The distribution of Paleozoic sediments on the eastern border of North Tucano and Jatobá basins suggests that some subsidence took place during the Paleozoic.
STRUCTURAL FRAMEWORK
The information about the structural framework is quite uneven from one subbasin to another, because the majority of wells and seismic-reflection data are confmed to the southern part of the rift. The inference increases northward of South Tucano subbasin since the interpretation is based on refraction and gravity surveys.
Rift Morpholo9V
The rift comprises a series of half-grabens which extend into the continent in a N-S direction, with a sharp change to a ENE-WSW direction in the Jatobá Basin. The asymmetrical graben dip to SE from the Recôncavo Basin until the Tucano Central subbasin, and change their dip to NW, northward of the Vaza-Barris Arch (Fig.5) . ,
The southern boundary of Tucano Basin is the Aporá High, which is oriented to NE, The South Tucano subbasin is marked by a N30E fault set, with antithetic .domino style, dipping to west (Fig. 6 ). Close to the eastern limit, a distributary fault system of listric fan geometry parallel to the Inhambupe Fault is responsible for the great subsidence that occurs in that region. Sintectonic conglomerates are present dose to this major fault. The subbasin subsides progressively to NE towards the ltapicuru River Fault, which has a NW-SE orientation. ln that area, two major lows are defmed: the Olindina and Inhambupe lows, with more than 6 km of sediments (Fig. 7) .
The Central Tucano subbasin is situated north of the ltapicuru Fault, and the faults in it are oriented N-S. Two 
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Figure 4 -Geological map of Yaza-Barris Arch (modified from Della Piazza and Muhlman, 1963)
.>Oe ... I,," stable areas are defmed: the Quilombo Platform on the east and the Umburana Platform on the other side. The latter occurs along the western portion of the subbasin, and the majority or existing wells -were drilled on it. As in South Tucano, a tilt to NE towards the Vaza-Barris Arch originates the Sítio do Quinto Low, where gravimetric inversions estimate more than 10 km of sediments (Fig. 8) .
The Vaza-Barris Arch is a structural arch with shallow basement. It marks a tortion in the rift and this is due to the action of a transfer fault (in the sense of Gibbs 1984) . Stratigraphic data on the arch and gravimetric modelling show its antiform character since the beginning of rifting (Fig. 9) .
A small triangular block, known as the Araticum Block, occurs in the eastern portion of Central Tucano and marks the first outcrops of the Brotas Group on the eastern side of the rift.
To the north of the Vaza-Barris Arch, the North Tucano subbasin reveals a more complex structural pattern, developing two depocenters. The available data do not show evidence of platforms and paleozoic sediments outcrop in its eastern margino Contrasting with the southern basins, this subbasin is tilted to NW, and there is a thick deposit of sintectonic fanglomerates dose to the master fault in its western boundary.
The Jatobá Basin is the shallowest one in the rift system, and its depocenter is elose to the Ibimirim Fault near the northem limito As in North Tucano, paleozoic sediments outcrop in the SSE basin boundary, ln the middle of the basin is the Icó Horst, a structural high quite evident in gravimetric maps.
Major Transversal Features
Along the rift, structural transversal features are scarce. ln the Tucano Basin, there are two large oblique shear zones: the Itapicuru River Fault and the Vaza-Barris Arch. The former separates South and Central Tucano subbasins, while the latter set apart Central from North Tucano. Recently, these fault zones were interpreted by Milani & Davison (1987) as transfer zones, although they were described before as strike-slip faults (Netto et ai. 1985) or even transform faults (Milani 1985) . These transfer faults have a NW-SE direction, paralIel to the theoretical extension of the rift, and are, mainly the Vaza-Barris fault, basement controlled.
The ltapicuru Fault was described, by the first time, by Netto et ai. (op. cit.) , who identified flower structures in seismic profiles across this great feature (Fig. 10 ). There is a striking change in the orientatiort of faults from South Tucano to Central Tucano. The faults are oriented along a NE-SW direction in the former and change to N-S in the latter. Separated by the Itapicuru Fault are stable areas as the Quilombo Platform in Central Tucano, and higly subsident, regions as the Inhambupe Low in South Tucano. No polarity inversion in the half-graben occurs along this transfer fault and there is not good evidence that it is controlled by basement structures.
The other major transverse feature appears elose to Vaza-Barris River. It shows a quite complicated structural pattem, with blocks tilted in random directions, but there is a prevailing fault system oriented along N300-50 oE. ln this region is the most conspicuous feature of the rift -the change of position of the depocenters between Central and North Tucano subbasins. While the master faults of Recôncavo, South, and Central Tucano basins dip westward, to the north of the Vaza-Barris Arch the main fault dips eastward and the depocenter shifts from the eastem to the westem side of the half-graben.This switch of basin depocenter results in a flip-flo p geometry and this is effected by the Vaza-Barris transferfault. This change in the rift symmetry occurs al óng a NW direction and coincides with directi on of the Itaporanga fault system in the basement, which is als ó lhe southern boundary of the Sergipe-Alagoas Basin.
PRE5ENT-DAV MODEL5
ln recent years, considerable attention has been focused on the nature of rifting in North Sea, Persic Gulf, and in the East of Africa. Some ideas have emphasized the importance of wrench (Wilcox et ai. 1973) , the concept of linked extensional systems and transfer faults (Gibbs 1984) , and more recently the model of rifting from detachment faulting (Wernicke 1985 , Lister et ai, 1986 . These concepts were applied by many authors who worked in the Recôncavo-Tucano-Jatobá Rift.
Recent works on the Recôncavo-Tueano-Jatobã ,
Rift
Over the years, the Recôncavo-Tucano-Jatobá basins -have been interpreted to be the result of extensional rifting, with basins connected since the beginning of the faulting and filled by a tluvio-deltaic-Iacustrine system that prograded from north to south as a result of a failed arm of the South Atlantic opening (ponte et ai. 1978) . Netto et ai. (1985) described the structural framework of South Tucano and concluded that tbis subbasin has lower paleogeotermic gradients than the Recôncavo Basin. Szatmari et ai. (1985) proposed that the evolution of this portion of the Brazilian continental margin, and the opening of the rift, was caused by an counterclockwise rotation of a rigid microplate wbich they called the "East Brazilian Microplate" . Milani (1985) , based on the model proposed by Szatmari et ai. (op. cit .}, emphasized the role of the pre -existing basement weakness, and admited crustal stretching in a NW-SE direction as responsible for rift opening. He high-lighted the importance of shear zones wbich separate the 'rift in subbasins, each independent from one another (Fig. 11) . Cohen (1985) suggested that the rift would have been formed as a megatension gash in response to a NE sinistral shear zone. Tbis author based bis conclusions on the orientation of faults mapped at surface Ievel in the Recôncavo Basin, and interpreted three sets of faults (N30E, NI3W, N37W) as fiting within a shear diagram. Nevertheless, one fails to see the NE faults as strike-slip faults, since seismic and field evidences, as well as their normal activity during sedimentation, show that they are essentially gravitational. Ussami (1986) applied a detachment model to the evolution of the Tucano and Gabon basins. Unfortunately, some fundamental tectonic aspects were missed, e. g. the change in basin symmetry across the Vaza-Barris Arch, wbich would imply a change in the direction of the detachment (Fig. 12) . The answer to tbis problem could be given by a deep seismic-reflection survey, wbich is not available at present.
Gravity modelling (Fig. 13) show s a crustal thinning with an elevated Moho chose to the moster limiting faults, and we can expect a large lateral and vertical heat tlow into the graben margins during the rift evento This crustal thinning was also verified by Milani (1985) and Cohen (1985) .
Comparison with African Modern Rifts
The features observed in the Cenozoic rifts of Eastern Africa are quite similar to those observed in the Tucano and Jatobá basins, and some correlations between them are possible.
The fundamental tectonic unit of the East African Rifts is the half-graben. This framework is typical of the Tucano and Jatobá basins. These asymmetrical graben have a major fault (or a fault system) in their steeper margin (e.g. Inhambupe Fault at South Tucano) with sintectonic fanglomerates (Le Fournier 1985) in the downthrown block. These faults become listric downward and can show horizontal movement; the fault evolves to a distributary fault system with the onset of subsidence. ln respect to the tecto-sedimentary evolution, Le Fournier (1985) recognizes three stages which can be correlated with the stratigraphic section of the rift phase of Tucano and Jatobá basins (Fig. 15) . Stage 1: Phase of crusta! stretching and formation of a broad and shallow basin filled by arenous sediments, with small normal faults. This stage occurred during the Brotas Group deposition. Stage 2: Crusta! stretching with rupture and tilting of blocks. The extension zone becomes narrow, the fluvial sedimentation ceases, and the sedimentary deposits are eroded on the border of the tilted blocks. At the downthrown block of normal faults small lakes and swarnps are formed. The vertical throw is moderate. This stage probably took place during the deposition of the ltaparica Formation and the Tauá Member of Candeias Formation. Stage 3: Crustal stretching with colapsed blocks. The faults have great vertical throw and subsidence increases. Deep lacustrine deposits with turbidites are common. The tectonic activity is dose to the depocenter and a thick conglomerate sequence spreads over the basin margino This stage coincides with the deposition of the Candeias Formation and Salvador Formation. Afterwards, the subsidence/deposition ratio decreases gradually and a fluvio-de1taic system fills the basin (Ilhas Group and Massacará Group).
The sedimentary process at each subbasin is similar but its result may not be stratigraphically correlatable due to diferences in time, subsidence and clastic supply (Rosendhal et alo 1986) ; in this way, a lack of temporal correlation, different litologies, and distinct deposit distributions are expected.
Revista Brasileira de Geociências, Volume 18. 1988 systems feed the depocenters where can turbidites be deposited. Within the half-graben, antithetic and sintethic faults are observed, but the former are more common in Lake Tanganyika (Rosendhal et ai. 1986) .
The half -grabens change the structural dip along the rift at a transfer zone, which can be transpressional, and internal highs are formed (e.g . Vaza-Barris Arch), separating different subbasins. ln map view, the basins show a flip-flop geometry, as observed in Central and North Tucano (Fig. 14) . These structural highs have only a thin sedimentary cover,and they are eventually fully covered at the end of rift evolution.
Some symmetrical grabens are restrict to transition zones between two subbasins which show a central arch (Rosendhal et ai. (1986) ; this fact is noted in the transition zone of the Vaza-Barris Arch. Another symmetrical situation appears when there is a shift on the rate of subsidence in one subbasin, in the sarne way as the movement of a teeter-totter but, in this case, unconfonnities are common. (Milani 1985) At the other margin, we do not see large faults, but rather smooth flexures and structurally stable platforms (e.g. Umburana Platform); on these platforms, lateral fluvio-deltaic 
CONCLUSIONS
The main conclusions drawn are: • the Tucano-Jatobã Rift evolved as a series of disconnected subbasins isolated by transfer faults; • the rift was formed by crusta! stretching in a NW-SE direction and was aborted during the separation of South America and Africa; • the basement anisotropy was fundamental in the evolution of the structural framework of the basins; this control is evidenced by the tortion along the Vaza-Barris Arch and by the direction of the master faults that border the rift;
• each subbasin has a characteristic half-graben geometry. The South and Central Tucano subbasins are quite similar, but the fault direction changes abruptly to the north of the Itapicuru River. ln North Tucano, the structural pattern seems to be more complex;
• the sedimentary processes are analogous in each subbasin; however, chronologic differences, unequal subsidence rates, and distinct clastic supplies may handicap the stratigraphic correlation;
• there was not a thermal subsidence phase, but gravimetric modelling shows crusta! thinning close to the borders and near the depocenters; • lateral thermal flow must be considered, due to the sedimentary filling which acts as an insulating material; this fact explains the low geothermic gradient ;
• to the north of South Tucano, the majority of wells were drilled on stable areas, where suitable conditions to generate hydrocarbons did not exist, and so the subbasins were not adequately explored;
• to verify the hypothesis that the rift evolved from a crusta! detachment it is necessary to conduct deep seismic surveys, and an integration with the basins of the West of Africa in order to have a global understanding on the rift evolution. 
